We have studied the sound perturbation of Unruh's acoustic geometry and we present an exact expression for the quasinormal modes of this geometry. We are obtain that the quasinormal frequencies are pure-imaginary, that give a purely damped modes.
the propagation of acoustic disturbances on a barotropic, inviscid, inhomogeneous and irrotational (at least locally) fluid flow. It is well known that the equation of motion for this acoustic disturbance (described by its velocity potential ψ) is identical to the Klein-Gordon equation for a massless scalar field minimally coupled to gravity in a curved space [8, 9, 10] , In Unruh's work, the acoustic geometry is described by the following sonic line element
where ρ 0 is the density of the fluid,c is the velocity of sound in the fluid (by simplicity we will assume these quantities constant) and v r 0 represent the radial component of the flow velocity. On the other hand, if then we assume that at some value of r = r + we have the background fluid smoothly exceeding the velocity of sound,
the above metric assumes just the form it has for a Schwarzschild metric near the horizon. In this limit metric our (1) reads as follows
whereã is a parameter associated with the velocity of the fluid defined as (∇ · − → v )| r=r+ [11] . Note that this geometry was study in Ref. [11] where the author studied the low energy dynamics and obtained the greybody factors for the sonic horizon from the absorption and the reflection coefficients.
In the quantum version of this system we can hope that the acoustic black hole emits "acoustic Hawking radiation". This effect coming from the horizon of events is a pure kinematical effect that occurs in any Lorenzian geometry independent of its dynamical content [9] . It is well known that the acoustic metric does not satisfied the Einstein equations, due to the fact that the background fluid motion is governed by the continuity and the Euler equations. As a consequence of this fact, one should expect that the thermodynamic description of the acoustic black hole is ill defined. However, this powerful analogy between black hole physics and acoustic geometry admit to extend the study of many physical quantities associated to black holes, such as quasinormal modes wich we consider in the next section.
III. QUASINORMAL MODES OF UNRUH'S SONIC BLACK HOLE
The basis of the analogy between Einstein black holes and sonic black holes comes from considering the propagation of acoustic disturbances on a barotropic, inviscid, inhomogeneous and irrotational fluid flow. It is well known that the equation of motion for these acoustic disturbances (described by its velocity potential Φ) is identical to the Klein-Gordon (KG) equation for a massless scalar field minimally coupled to gravity in a curved spacetime [8, 9, 10] ,
In order to compute the QNM's we apply the standard procedure described in Refs. [11] [12] [13] , and begin to rewrite the metric (1) in the following form
where f (r) = 2ãc(r − r + ) In order to compute the QNM'S we need to solve the Klein Gordon equation (4) in curve space described by the metric (5) and, by virtue of symmetries of the metric we use the following Ansatz for the scalar field
with this ansatz the KG equation can be separated as follows
Now, if then we consider the change of variables z = 1 − r + /r, that transform the radial equation to
here,
where,
Note that in the new coordinate system, z = 0 correspond to the horizon and z = 1 corresponds to infinity, and if we consider the definition
the radial equation satisfies then the standard hypergeometric form [14] 
where
Without loss of generality, we put α = −i √ B and β = 1 − √ 1 − B. It is well known that the hypergeometric equation has three regular singular point at z = 0, z = 1 and z = ∞, and it has two independent solutions in the neighborhoods of each point [14] . The solutions of the radial equation reads as follows
In the gravitational case quasinormal modes of a scalar classical perturbation of black holes are defined as the solution the Klein-Gordon equation characterized by purely ingoing waves at the horizon Φ ∼ e −iω(t+r) , since at least classically outgoing flux is not allowed at the horizon. In addition, one has to impose boundary conditions on the solutions at the asymptotic region (infinity). It is crucial using the asymptotic geometry of the space time under study. In the case of asymptotically flat space time, the condition we need to imposes to the wave functions is a purely outgoing waves Φ ∼ e −iω(t−r) at the infinity [15] . For non asymptotically flat space time (AdS space time for example), several boundary conditions have been discussed in the literature. In the two dimensional cases of BTZ black holes, the quasinormal modes for scalar perturbations were found in Refs. [12] [16] by imposing the vanishing Dirichlet condition at infinity: In Ref. [17] these modes were computed with the condition of a vanishing energy momentum flux density at asymptotia. In this paper we consider the vanishing flux condition.
In the neighborhood of the horizon (z = 0) using the property F (a, b, d, 0) = 1 the radial solution is given by
while the boundary conditions of purely ingoing waves at the horizon demands C 2 = 0. In order to implement boundary condition at infinity (z = 1), we use the linear transformation z → 1 − z formula for the hypergeometric function and we obtain,
Using the condition that the flux is given by
is vanished at infinity. Due to, B > 0, the asymptotic flux has a set of divergent terms, with the leading term of order (1 − z) 1−2β . Then according to Eq. (15) each of these terms are proportional to
and hence for a vanishing flux at z = 1 the following restrictions have to be applied
where n = 0, 1, 2, .... These conditions lead directly to an exact determination of the quasinormal modes as follows
Note that the quasinormal modes have the properties being purely imaginary and independent of the radius of the horizon of the sonic black holes. Besides this, it shows the stabilities of this kind of analog black hole under sonic perturbations. For the infinite limit damping (i.e. the n → ∞ limit)
IV. CONCLUSIONS AND REMARKS
In this paper we have computed the exact values of the quasinormal modes of Unruh's sonic black holes and according to Ref. [5] this QNM's should be behaved similarly to QNM's of near horizon Schwarzschild black holes. The QNM's are pure imaginary, this kind of QNM's was reported in Refs. [18] [13] . This result shows the large stabilities of the dumb hole for overtone with n > 1 and for all overtones in higher damping limit. We also want to note that the frequencies of the QNM's do not depend of radius of the horizon and on the angular momentum of the perturbation. They only have a proportional dependence the control parameter (ã) which describes the velocity of the sonic flow, in according to Ref. [11] where the decay rate for this geometry and the thermal emission was only proportional to the control parameter.
